SUMMARY Radiation-induced ocular lesions in the posterior eye and orbit were investigated in 33 surgical specimens of patients with retinoblastoma. The eyes were obtained from children 7 months to 6 years of age. Seventeen eyes were irradiated; 16 eyes had not received irradiation and served as controls. The majority of the irradiated eyes were treated with 6000 rads of external beam radiation. They were removed at a mean of 23 months after radiotherapy. All specimens were examined simultaneously by 2 observers without knowledge of treatment and analysed for the presence or absence of 15 lesions. The most consistent lesions in the irradiated eyes were abnormalities of the retinal vessels (11 of 17 eyes) and striking changes in the ciliary arteries (13 of 17 eyes). The retinal vessels showed thickening of the wall, often caused by deposition of fibrillary material, sometimes with fibrin deposits. The most consistent lesion was myointimal proliferation with narrowing of the ciliary arteries. Lesions of the central retinal artery were less common but occurred only in irradiated patients.
Radiotherapy is effective and valuable for diseases in or near to the eye; however, its usefulness is limited by the possibility of ocular radiation injury. Damage to the anterior structures of the eye, especially the lens and cornea, by low doses of radiation (in the range of 1000 rads) has been well documented,1 whereas it has been considered that the posterior parts of the eye tolerate higher doses.2
Damage to the retina and optic nerve can occur with fractionated radiation above 6800 rads.3 Changes in the ciliary vessels have not, to our knowledge, been described. We have examined the histological changes in a series of eyes that were removed after external radiotherapy for retinoblastoma and have found damage in the posterior ciliary vessels, optic nerve, and retinal vessels.
Materials and methods Thirty-three eyes from patients with retinoblastoma were examined; 17 eyes had been irradiated and subsequently enucleated, and 16 eyes had not been Correspondence to Peter R. Egbert, MD, Stanford University Medical Center, Boswell Building, Room A-227, Stanford, California 94305, USA. irradiated and served as controls. All specimens were examined simultaneously by 2 observers (PRE, LFF) in a double-head microscope, without knowledge of treatment, and analysed for the presence or absence of 15 morphological abnormalities. The severity of myointimal proliferation of the posterior ciliary arteries was graded in a scale of 0 (normal) to 4 (complete luminal obstruction). Five normal eyes from necropsies of children were also examined for the same lesions.
Standard axial sections of the entire eyeball embedded in paraffin as well as transverse sections of the optic nerve were used. In addition to haematoxylin and eosin the stains used included periodic acid Schiff (PAS), Verhoeff's elastic (EVG), FraserLendrum method for fibrin, Alcian blue method for acid mucopolysaccharides, Luxol-fast blue for myelin, and the Bielschowsky method for nerve fibres.
The irradiated eyes had been enucleated because of uncontrolled tumour growth, pain from neovascular glaucoma, or inability to examine the eye because of vitreous haemorrhage. Most of the eyes came from patients who were part of a previous study of visual function following radiotherapy.4 660 Posterior ocular abnormalities after irradiation for retinoblastoma The irradiated eyes had been treated by megavoltage irradiation generated from a 6 MeV medical linear accelerator with doses of 5200 to 6000 rads given in 200-250 rad fractions over approximately 6 weeks. The one exception to this dose occurred in an eye enucleated 2 weeks after initiation of treatment, having received only 2250 rads. Five eyes of 5 patients had more than 1 course of radiation, which significantly increased the total dose to as much as 13 000 rads; 4 of these patients were also given intra-arterial triethylenemelamine and I eye had a 1251 implant. Several eyes were treated by photocoagulation or cryotherapy.
With the exception of one 6-year-old child, the patients' ages at the beginning of radiotherapy ranged from 7 months to 2 years. The age range of the nonirradiated controls was comparable. The interval from the first day of radiotherapy to enucleation was 2 weeks to 34 months (mean 23 months).
Results
There were clear differences between the irradiated and nonirradiated eyes ( (Figs. 3, 4) .
Enlarged endothelial cells and thick elastic lamina . were also seen (Fig. 4) . Although these changes were obvious in the larger ciliary arteries, adjacent veins Fig. 3 and the extravascular fibrin we observed is an indication of vascular leakage. Fibrin deposition should not be unexpected because it is a typical finding of delayed radiation injury in several tissues, including brain,8 pericardium,9 and subcutis.'0 Central retinal artery occlusion is one of the possible complications of high-dose irradiation which has been clinically observed 1 to 2 years after treatment.3 The lesion of the central retinal artery is a myointimal proliferation which resembles the ciliary vessel changes we observed more than the retinal vessel changes.
Optic atrophy was a frequent feature in both irradiated and nonirradiated eyes. Although there was a tendency for irradiated eyes to show more diffuse atrophy than the nonirradiated eyes, an examination of a greater number of eyes would be necessary to prove this relationship. Radiation necrosis of the central nervous system is a wellknown phenomenon and occurs more readily in white matter than grey matter.8 The damage is most probably mediated through vascular changes." Optic atrophy has been observed after high doses of radiation, over 6800 rads,312 or after lower doses when combined with chemotherapy. '314 Our study has not demonstrated a clear time, dose, or age dependency of the ciliary artery lesions. Such an effect might be demonstrable either in a larger series of cases or in a prospective study having a wider range of radiation doses. Probably most of our patients have received doses above the threshold of arterial injury.
Radiation injury may take various forms and will vary from organ to organ, though it is usually consistent in a given organ. In the eye as in other tissues, with the notable exception of the liver and intestine, there is a striking lack of lesions in ocular veins and sinusoids.10 Two features of the ocular changes are different from those found in other organs and deserve a commrent: the irregular thickening of the retinal arterioles by a fine fibrillary material appears to be characteristic, since it is uncommon in most other tissues; unlike in many other organs and tissues in which fibrosis (i.e., collagen deposition) is typical of delayed radiation injury, we did not detect fibrosis of the choroid or sclera, even in the presence of severe narrowing of ciliary vessels.
We were surprised at the frequency of the vascular changes in the ciliary arteries and central retinal artery, occurring relatively soon after irradiation. If progressive, these changes could cause visual loss, either from central retinal artery occlusion, anterior ischaemic optic neuropathy, or choroidal ischaemia. Yet in a group of nonenucleated eyes in patients managed by the same method of radiotherapy and followed up for a mean of 11 years for visual function ischaemic changes were rare. 
